Abstract. This work presents a research on the methods and mechanisms necessary to bring the Information and Communication Technologies in the traditional classroom. This will be achieved by putting collaborative and Ubiquitous Computing paradigms together to integrate both fields into the educational environment. As a study case we have developed a system for language learning, in particular English as a Foreign Language (EFL), through a composition writing activity in group. In this scenario, the main problems to resolve are identified and we show how a system of collaborative ubiquitous computation solves them with the aid of a variety of tools we have developed both for the student and for the teacher.
Introduction.
At present the integration of computers in educational environments is not successfully incorporated into the classroom. Computers are usually used as a standalone device (without a network) in a few learning areas (mainly laboratories and practical classes), without taking full advantage of their great potential. When the student uses the computer, he/she is isolated facing the task proposed over the computer environment. This distinct separation of the "two worlds", on the one hand the computer and on the other hand the classroom, hinders the learning process. Up to now, we have tried to adapt the classroom to the computer, but why not try just the other way round? The paradigm of the ubiquitous computation allows us to eliminate this borderline fading the computational environment into the classroom. This way, the student interacts with the system in an unconscious way.
There are a great number of CSCL applications (Computer Supported Collaborative Learning), many of which are based on personal desktop computers. Unfortunately these applications are not transferable to ubiquitous systems. If we tried to compile the source code of these applications directly into such a device as a PDA (Personal Digital Assistant) and to execute it, we would notice that it would fail due to device and networks characteristics. Evidently, characteristics such as the computation and memory capacities, the power and services provided by the operating system or simply the size of the screen are very different in a handheld device or a cellular telephone from the screen in a personal computer. These characteristics must be taken into account when we implement an application. Therefore we need to investigate and develop new CSCL applications in ubiquitous environments.
At present, ubiquitous applications and systems applied in the environment of the classroom are scarce and they provide little collaborative work in group support. The existing applications or systems satisfy some scenario needs that we suggest, but not all. The described system in Roth et al [1] is a robust system that support collaborative and information management tasks in a ubiquitous environment. However the system does not support context information, such as being aware of student's location in the classroom in every moment. The system of annotation and documentation suggested by Baldonado [2] supports documents manipulation for a group of users. But this system is not adapted to our learning scenario because communication among the members is carried out in a sporadic way (this happens when the user requests to synchronize his handheld with the desktop PC). Therefore, the system does not support a permanent synchronization process among the PDAs, required in the group discussion process.
Myres [3] shows two applications allowing the users to interact simultaneously with an application in a PC (every user interacts with their PDA). The system provides synchronization among all the devices efficiently, but it has the following inconvenience: the user has to use devices connected through cables because the connection between the PDAs and the PC is supported by a PCMCIA QSP100 card, installed in PC and provides 4 wire connection ports. We can solve the connection problem using wireless or infrared networks. Danesh [4] shows an educational application for a group of children using an infrared connection system. Each student plays a game in his PDA screen, which is solved in a collaborative way. The children have to synchronize their PDAs to exchange information. This process of synchronization is carried out via infrared communication, which has the following inconvenience: the student has to line up the devices so that the communication is established. Besides, this system is not very powerful because the users' information is stored in the PDAs small memory because there is not a powerful centralizing server or device. Zurita [5] solves the inconveniences of infrared networks using a wireless network. In this paper two educational applications for a group of children are shown. In the first application the students have to collaboratively form words from syllables that are viewed in their PDAs, accepting some and rejecting others. In the second application, the student has to group together object images exchanging them with his/her classmates. These applications do not satisfy our domain's needs because of two reasons: the application is not sensitive to the user context and the collaborative tools do not support the proposals discussion process.
Our group is carrying out a project focused on the exploration and search of new interactive technologies to be used in the classroom which could change the concept of a classroom. In this paper we present the tools for the teacher and students offered by AULA, a system of ubiquitous computation in the environment of the teaching of languages. In section 2 we show the traditional scenario of teaching documents composition, identifying typical problems. In section 3 we present AULA system and in the sections 4 and 5 we study the tools provided by the system to the student and to the teacher respectively. To end up, we will comment about the conclusions drawn and the future work in progress.
2 The scenario of language learning through composition.
Commonly, the learning process of any language (particularly English) can be made through a process in which the students have to make a written composition about a text in class. In a traditional class, the teacher and the students make us of a whiteboard, notebooks, dictionaries and books as learning/teaching aids. When the class starts, the teacher provides some indications to the students, as for example: the subject to write about and style, the final document title, the scheduled time for its accomplishment, document type, etc.
Later, the teacher has to assign tasks to the students according to the characteristics and skills of them. This way, the teacher will indicate the role of each student in the composition of document project. This is not an easy task for the teacher because often he does not have much information about the students. The system solves this inconvenience providing a students profile. This profile is created by AULA thanks to a process of synthesis and conclusion, which analyzes the students' information recorded in previous compositions. The system identifies three possible roles into the composition process:
− Creative: the student will generate base ideas for the document. − Manager: the task of the student will be to organize the ideas presentation. − Communicator: the student has to present the ideas in text in a clear way.
Once this initial phase carried out, the students will start to work collaboratively on the document elaboration. Every student writes individual notes in their notebook about the suggested subject. The student thinks that these annotations are relevant and important things that have to be part of the final document. Once these ideas have been matured individually, the student shares them with the group. Therefore, the student has to write them again in the whiteboard. Later the students discuss about the validity of the ideas, therefore some ideas are accepted and others are rejected. This procedure of setting individual ideas in common is a method boring and tedious by the process of rewriting. AULA system helps the student in this process this way: The student writes down his/her ideas on the PDA and automatically the system sends them to his/her classmates' PDAs and projects them on the whiteboard. Besides, the system facilitates the discussion process of proposals through synchronous and asynchronous collaborative tools.
First of all, it is innovative in this type of teaching that the student prepares a part of the work at home and the student puts in common it on the after day with the rest of the members of the class. The system facilitates the accomplishment of this task.
When the student enters to the classroom, automatically the system sends his work to the teacher's computer and to the student's device.
In the following phase the students complete the ideas agreed adding some language components. Now, the student needs to access to dictionaries or information source. Usually these elements are dispersing in the classroom; therefore the student has to stand up to the shelf, to fetch it, etc. This causes that the student to stop paying attention to the composition. Our system provides all the integrated tools, accessed by student's PDA. Therefore, the student will not have to put the sight of the working area aside or to leave his task. This way the student is helped to maintain his concentration. Once the students have finished the written composition, the teacher plays again an active role developing the evaluation process. This task is complicated for the teacher because it is difficult to evaluate the individual effort in a group work. AULA system helps the teacher record the traces of the actions developed by the students. The teacher can consult these traces and reconsider the actions of the students. Besides, our system provides conclusions on the students and the group, carried out by a process of synthesis on the working process and the solution suggested by the students.
3 AULA: A ubiquitous computation environment for the collaborative composition of documents.
Infrastructure of the ubiquitous environment.
The AULA system is composed of: a projection whiteboard and other edition whiteboard, a data base server, the Localization Manager (providing context-aware to the system), the Session Coordinator and the mobile devices (PDA) (each student has his own PDA). The communication technologies used are: a wireless network (RF), ultrasonic and infrared communications. The system architecture is described with more detail in [6] .
Composing a document with AULA
When the class starts, the teacher indicates the main subject of the document and other characteristics or properties that he considers appropriate to the students. The teacher can make these indications in several ways: verbally, using synchronous and asynchronous collaborative tools that are provided by AULA or combining both possibilities. After this first phase, a brainstorming process about the composition subject starts. The system structures all the information resulting from the brainstorming process into the so-called aspects, which are broken down into several ideas. These aspects and ideas are blocks of partial information, which constitute the document's initial framework that the students have to elaborate. The brainstorming phase generates a discussion process among the group members, in which the learners discuss which aspects and ideas are most appropriate to be part of the written composition. Now the student can make use of collaborative tools. Throughout this process, the teacher plays a monitoring role. This way, the teacher will be present throughout the process. In any case, the teacher can give brief indications or clarifications about some proposals, which would be projected in the projection whiteboard. However, the students play the project manager role. The process of discussion finishes when the group of students get to an agreement, accepting some aspects and ideas suggested and refusing others, through a polling process provided by the system.
Once these partial components of the document have been built, the students will focus on rewriting them adding correct structural elements to make coherent sentences or paragraphs, organizing them in a complete text using different structural and lexical connectors of the language. Now the student could need linguistic tools. AULA offers monolingual and bilingual dictionaries and a case library. Later, the text is suggested for revision and acceptance to the members of the group. Once this has been carried out, the teacher revises the document and explains possible mistakes. Then, the document is saved in a case database. Finally the teacher makes an evaluation to every student with the aid of synthesis process tools, which shows conclusions about the working process and the learner's solution.
The first application interface version was developed in JavaScript. In [6] we can see the initial version in a more detailed way. At present, Java and Visual C++ technologies have been used to develop the current system applications [7] . Figure 2 shows the application user interface of a mobile device during the composition process of a document. We can see three well defined working areas: the Individual Edition workspace (in which the students will write their individual contributions), the Collaborative Visualization workspace (in this area all the contributions of the group will be displayed) and the Final Document Edition workspace (it will show the proposals that have been accepted, which will be part of the document). In Figure 2 we can see a rendering of the application user interface on the mobile device. Fig. 2 . The application in a mobile device during a composition writing activity about mobile telephony.
Tools for the student.
AULA system provides the student with several tools to collaboratively write a text in English in a ubiquitous environment. The students access these tools through their PDAs. There are two tool types: language tools and synchronous and asynchronous collaborative communication tools. The synchronous collaborative tool is a chat channel, through which all the members of the group and the teacher can talk simultaneously. The student uses this tool to make online requests for information to the teacher or to other colleagues, although the main utility of this tool is to support the discussion and debate process about the proposals at the brainstorming phase. The asynchronous collaborative tools provided by the system are two: a news board and the email facility. The learner will use the news board to publish any observation that he/she thinks that the rest of his classmates should know. The email facility structures all the information into aspects and ideas (see Figures 3 and 4) . The mailboxes (Inbox and Sent) are organized in a framework of aspects and ideas. Every time a student suggests a new aspect or idea to the group, this framework updates, being a copy of the Collaborative Visualization space. All the mails are related to an idea or aspect via the subject line (which refers explicitly to them). Besides, when the user answers a received mail, a link is established with the sender. So, any student can trace and navigate through everything previously discussed about an idea or aspect by the group. The system provides the student with three tools: dictionaries (monolingual as well as bilingual), an electronic grammar book and a case database. The dictionary interface is a typical one: the student clicks on an alphabetical glossary of letters and a list of words is shown. The electronic grammar book shows the table of contents based on grammar items. When you click an element in the index, you can see the chapter in detail. The interface of the case database is very similar.
Assessment tools for the teacher.
AULA system also offers help for the teacher with some tools accessible through a desktop PC. These tools help the teacher to do several tasks, such as: defining parameters about the type of composition, carrying out a follow-up study of the construction process and evaluating the students and the group. The collaborative activity closer to composition writing we can think of in a typical class of English is one based on writing projects in groups. Here, the teacher carries out the evaluation through a postproduction process, consisting of the teachers establishing a dialogue with the students or just analyzing the results. The teacher evaluates the activity marking two aspects: the resulting document(s) provided by the group of students and the teacher's memory and ability to infer about every student's performance in the project development process. This system of evaluation is really complex for the teacher.
In the composition processes, this evaluation phase is one of the hardest due to the emotional implication. Evidently, in this situation teachers wonder about this type of questions: Who has suggested this particular idea? Has this student taken part in the process of discussion actively? To what extent? Did such a student contribute proposals with aspects and ideas to the group?. We should keep in mind the indicators of effective collaborative learning as shown in Soller [8] . AULA system traces and records the students' actions and through a synthesis process it can provide answers to such questions. This way, the teacher will receive help to analyze questions such as: the progress of each student in their language development (globally as well as in particular areas), the student's reaction to errors made by other members of the group or the history participation of a student in previous activities.
This synthesis process generates some conclusions about the working process and solution provided by the group. The system infers these conclusions based on two types of information: the traces (the actions carried out by the students) and the information about the quality of the solution. This last information is provided by the teacher. The teacher analyzes the document suggested by the group and gives his/her opinion about aspects such as the grammatical accuracy or the communication ability. The inference system consists in linking attributes isolated from the user with processes of action. These processes of action are blocks of information, which define communicative characteristics of the user and of the group in the activity of writing compositions. The process of synthesis is composed of two subprocesses: quantitative synthesis and qualitative synthesis as a way in which other systems have developed the assessment process [9] . On the one hand, the subprocess of quantitative synthesis shows information about the times that a student has performed some actions, such as the number of proposals (aspects or ideas) sent, modified or erased by a student, the number of times that a student has accessed the email facility, etc. On the other hand, the subprocess of qualitative synthesis informs about the characteristics of a student's profile, such as whether the student was active and decisive during the composition activity, or on the contrary, if the student was passive and hesitant in their proposals, whether the student took part in the processes of discussion and put proposals forward and succeeded, or else, if the student did not take part in the group discussions. We can make the process of synthesis (quantitative as well as qualitative) for each student or for the group. In order to carry out this individual and group synthesis process, we need to establish a mechanism which structures all the information generated throughout the composition process. The actions carried out by the user about the written composition and use of tools (collaborative as well as language tools) are structured in user's traces. Therefore, every time the student executes an action, in the database of the system an entry is created and the student's trace is written. A trace is structured in the following fields:
− Code: it is a 3-digit number and is used for identifying the type of action that the user has carried out.
− Description: it is a short text. This text describes the action carried out by the student. This text is for the teacher. − Value1: it is an additional field and provides more information about the action. This field stores text information and its value depends of the action carried out. − Value2: identical to the previous field. − Value3: identical to the previous field. − Hour: it is the date and time in which the action has been carried out.
The traces written in the database correspond to the following actions: writing, erasing and modifying an aspect or idea, sending a proposal, voting a proposal, initiating a synchronization process, using dictionary, making a query to the case database, carrying out a grammar query, modifying the text of the final document (adding, erasing or modifying) and using Email, chatting or using the last news board.
The teacher uses the synthesis process making the individual evaluation of the students and of the group. Finally, the teacher chats with the group about the conclusions and the corrections of the composition.
Conclusions and future work.
In this article we have shown a model for learning that uses ubiquitous computation as the interaction paradigm. This model is an ideal frame to investigate and to extract the implications of the ubiquitous computation in computational systems of collaborative learning in group. Our work has focused on the teaching of English as a Second Language through a process of composition writing in group. In this working context, great quantity of information is produced and a part of it is wasted. This is, there are many actions carried out by the student that are not important at first. Later, these actions together with others play a relevant role for the teacher at the evaluation stage. Therefore, a system such as the one presented in this article is of great importance because it records all these actions of the student for a posterior analysis.
Additionally, the composition process in group can generate a great quantity of information (drawn from the actions of the group). Therefore, the teacher will need mechanisms of analysis. Systems of analysis and synthesis like the one presented here provide conclusions about the development of the working process and of the final solution suggested by the students.
Also we should keep in mind that this system must not be obstructive. The student should not feel intimidated or limited. The students will be more comfortable at first if they feel that they are in a traditional classroom. In our model, the students continuously take notes and write in what seems their small notebooks and frequently direct their attention to the whiteboard, where the teacher presents the information. This way the traditional elements do not disappear, but they evolve thanks to electronic devices.
In the future we will try to analyze and compare the results of our system with the results obtained through traditional methodologies, as to their effects on the development of communication abilities in English.
